Abstract. Biomass burning aerosol has important impact on the global radiative properties of rice straw burning particles in the size range of 50-400 nm were 15 measured using a suite of online methods. We found that the major components of 16 rice straw burning particles included black carbon (BC), organic carbon (OC) and 17 potassium salts, but the mixing states of particles were strongly size-dependent.
selection of a monodisperse aerosol with a Differential Mobility Analyzer (DMA) 87 followed by classification according to aerodynamic diameter with an impactor. 
125
(1)
177
When particles are not spherical, the "effective density", not necessarily a true 178 measurement of particle density is derived. Various definitions of effective density are 179 provided in the literature, and a review of these definitions is given by DeCarlo et al.
180
(2004). Different definitions may aim to present different values for a given particle.
181
It is important to understand the derivation, calculation, and measurement for one 182 method of particle effective density.
183
(1) DMA-APM-CPC system
184
The effective density of a particle can be calculated by combining mobility and 185 mass measurements under the assumption that the particle is spherical, thus its 186 physical diameter equals to the electrical mobility diameter (d m ) measured by a DMA.
187
The effective density ( Ⅰ ) can be calculated by the following equation:
where m p stands for particle mass obtained by an APM. In our work, we selected 190 biomass burning particles with mobility diameters of 50 nm, 100 nm, 200 nm, and 191 400 nm and determined their effective density using the DMA-APM-CPC system.
192
(2) DMA-SPAMS system
193
Another approach of deriving effective density is through a combination of 194 mobility and aerodynamic measurements. Figure S5 , discussed in Section 3.1.5). in the TD heating section was approximately 9 s in this work.
270
The particle number fractions after heating do not necessarily represent the 271 actual number fractions before heating as some of the particles can evaporate 272 completely. Besides, particle loss could be produced both in the TD heating and 
294
Therefore, we developed an approximation of the particle shrinkage calculation.
295
A tandem DMAs (TDMA) was utilized to detect the size change of particles. Here,
296
we used the ratio of the particle diameter after heating (d m2 ) to the diameter before Figure S3 ). An 298 approximation of the peak value for the dominant shrink factor mode was used for 299 each diameter. The selection of particle diameter after thermal-denuded process was 300 based on the original dried-particle diameter multiplied the shrink factor of each 301 diameter (discussed in supplementary). 
Effective density from DMA-APM-CPC measurements ( Ⅰ )

305
The effective density of particles, measured using the DMA-APM-CPC system ( Ⅰ ), rather than BC alone, the apparent single-peak density distribution of these particles 319 was more likely due to the combination of two modes representing BC and organic 320 particles respectively (as the dash lines shown in Figure 2 ). The thermal desorption 321 method can help to explain the mixing state of 50 nm particles which will be 322 discussed in Section 3.1.3.
323
The density distribution of 100 nm particles exhibited a peak at 1.45 g/cm 3 at 9 matter. However, less-massive composition with effective density of 0. and that these crystalline species were more likely externally mixed with organic methods were less than 8% for all particle sizes. We noticed that Ⅱ were generally smaller 381 than Ⅰ , which could be due to the systematic error from different measurements. that the thermal-denuded particle density distribution here was not from the particles 386 with the same original dried-particle diameter. However, our observations are still 387 meaningful since the evolution trends of density distribution after heating were 388 similar despite of the particle size. .
400
The volatilization temperatures of ammonium nitrate and ammonium sulfate are factor was introduced to account for the ratio of the drag forces on a particle due to 427 nonspherical/irregular shape. Shape factor, which can be extracted based on the 428 measurement of particle density and mass has been introduced in Section 2.3.1.
429
We calculated the ratio of the estimated m p to the exact m p as a function of d m
430
and χ (shown in Figure S5 ). For nonspheical particles (χ > 1), the estimated mass was 431 larger than the actual mass. We calculated the estimated mass using the exact while the effective density showed the same trend. The more regular shape and lower 439 effective density of 400 nm particles compared with that of 200 nm particles could be 440 due to the particle chemical composition and particle voids (discussed in Section 3.2). are presented in Figure S6 . The percentages of 6 particle types in different modes of were BB-EC and BB-CN. effective density in the second mode than the first mode.
467
The fractional distributions of the 6 particle types for 200 nm and 400 nm types, BB-Nitrate, BB-Sulfate and BB-KCl were particle types with higher density.
474
However, the effective density for 400 nm mobility selected particles was lower than 475 that of 200 nm. In addition to the compositional differences, particle morphology 476 could be another reason responsible for the observed differences in the effective 477 densities between these two sizes. Indeed, it has been found that the morphology like 478 void ratio, particle shape factor, and fractal dimension of particles all greatly affect properties.
487
For 400 nm mobility selected particles, the pie charts of particle type were 488 almost identical for the first and second modes (as shown in Fig. 3b, 20 o C). Thus, we 489 assume these two modes were derived from one effective density mode. The
490
proportion of BB-KCl in the third mode at 840 nm with effective density of 2.10 491 g/cm 3 greatly increased compared with the first two modes (8.8%, 9.2% vs. 32.7%).
492
The increased BB-KCl indicated that the KCl crystals were external mixed and tended The single scattering albedo (SSA), was calculated using the following equation:
where b scat is the particle light scattering coefficient, b abs is the light absorption 
513
The size-resolved SSAs for biomass burning particles are shown in Figure 4 .
514
Totally, the SSAs for biomass burning particles in the mobility size range of 50-400 515 nm varied narrowly. It's worth noting that the optical measurement was based on bulk 516 measurement by CAPSs, which is not sensitive to the diversity of particle mixing 517 state.
518
The SSA (530 nm) for 50 nm particles was the lowest (0.889±0.006) as the 519 percentage of strong light-absorbing black carbon for particles in this size range was 520 larger (shown in Figure 3 , discussed in Section 3.2). For 100-400 nm biomass burning 521 particles, the SSAs were relatively steady (0.897±0.006 -0.900±0.006).
522
The size-resolved SSAs at 450 nm (λ) for biomass burning particles were particles. Thus, we suppose the highest AAE value observed for 100 nm particles 562 might be the result of the largest BrC proportion.
563
The SSA and AAE values of total biomass burning particles are shown in Table   564 S2. particles.
591
The light absorption enhancement (E abs ) due to coating was estimated by the 592 ratio of b abs (λ) for particles that did and did not pass through the TD:
where T is the TD temperature (150 or 300 
